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Thin invention relates to a method and apparatus tor 
heating elongated space or a location containing an slongatod 
hr:utor, Kore y articular ly, the invention relate- a to ux> elecrr.rJ.ca J 
resin tance he*te,r for hsating on oLonflatod subterranean boxohoLo 
At rfltOL which are different at- different depth*? at the borehole. 

;:t ta known to be* botooticlal to us* alongatod heaters 
auch 32 well heaters, for heating tr\t».rvalR ot subterranean isarth 
format l.on:J, ptpo intoriors, or other elongated opar.es. In various 
tfituationa, it is desirable to heat such apace a at relatively high 
10 taupe r*tuT ft & tor rslativelv long tlneu. Beneficial rcoults 
ohtsinod fay such heatincj may include pyrol.iei.og oil sbale 
f ormattona, cok.iog oil to consolidate unconsolidated roaoivol* 
torctations, coKing oil to form electrically conductive oarbonized 
rones capable of operating as electrode* within a reservoir 
£e reflation, thermally diaplacing hydrocarbons derived fron oils or 
tare into pvodxictiou losaf-1 ons, preventing formation ox hYdroto-a, 
prftu ].pitat<;5, or the like in fluids which are being produced frow 
wells and /or traixsiUtted through pipes, or thft iiKc. 

The 'invention ai».a to provide a heatincj apparatus vhich 
20 J.c capable of generating heat at different rates at different 
dfipr.Ua in a veil. 

In accordance with the invention there is provided in a 
procesa in which eubterranean earth formations within an inturvnl 
rcoro thnn 100 fost long are heated to a tanperature of more than 
66&°c. , ao that heat in injected substantially uniformly into that 
Interval, an improvement for constructing and installing a heater 
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having an electrical cable heating section which is free of . 
Hp.Hces, COliprising; constructing aaid hooting cablo section by 
compressive ly swaginti at leaBt one portion of a )u?\otion-:tree 
electrical beattug catola to rocluco itu site at said at lu&Rt one 
portion, said cable 1b at least as long as the earth formation 
interval to he heated and comprises; an axiiilly «ri*jTjtd, malleable, 
electrically conductive core currounded by granular mineral 
insulation within a metal ahoath, so that swaged portion generates 
heat at a rate higher than the iinB'/aged portion; correlative) the 

10 location ol 34ild svaging with tho pnttcrn of heat conductivity In 
the earth formation interval ao that at least one oompreaaivsly 
awaged portion of the cab la I* located aion$ tha cable in a 
position auch that, when the cable 1b extended along the ^auth 
sortr.ation interval to be h^atort, the coiapresaivoly awagod portion 
is adjacent to a portion of the earth formation Interval in which 
che heat conductivity is relatively highp connecting oaid 
selectively swaged heating cable aection to at least one power 
supply cable and spooling the interconnected cable a; and 
unspooli/ig the Interconnected cable b into a welJnore along with a 

20 weight-supporting metal conduit while periodica] ly attaching the 
cable* to the conduit and extending the cables and conduit to a 
depth at which the conpre actively swaged portions af the cable are 
positioned adjacent to ttio earth formations having a relatively 
high thermal conductivity. 

The invention will now be explained In morfc aetail »3th 
roieronce to the accompanying drawing* P in irhichi 
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Pianiro 1 is a throe-dinianoioual illuatxation of an 
electrically conductive eontf.inlug svaged and un*wa<jc>d 

portions suitable fox use In the pre cent invention. 

fJLgui:* 2 soD^a^oRlly lUuntraces tbe in&taa.liog ot an 
oluctrlcal xesiotance hsatar with in the well in accordance tfitn 
the pte&ent tftveutLou. 



2a 

P. 
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Figure 3 shewn a splice between a metal-nahaatfiixi insulated 
pox\it' supply cable and a retaL-shoftt^ed insulated cablfc suitable as 
a beoting element of tfce presont invention. 

Figures 4 and b illustrarta splloos for electrically intar- 
5 connecting the coxkictive cores of a pair of netaL-shftErthed minaral- 
insulated beating cables suitable us being cables in the present 
invention. 

figure 6 shows an electrical power supply circuit suitable far 
use in the present invention. 

IjO Tte present invention U> at least in part premised CO a 

discovery bhat the prc/pex'tios of an electrical conductor few* as a 
jretal-sboathed solid icsteri-al- insulated electrically cccductive 
cable containing a single copper ccro) are sush that results of an 
application of ocnpressiv*; saraging to the outside of the roetal 

15 iiieath are transmitted through the ineutation fcu tho core of Wia 
cable in a manner such thdt CftCft of these cenpanents ore 
substantially siinjltaiieoasly reduced in cross-aectiunai Area by the 
sono relative amounts* The reductions in the cable core croa in- 
flectional area can be controlled to cause the swaged portion of tho 

20 cable to generate a significantly higher amount of heat per unit 
time than that which would heu'e been genrjcratert without the swaging, 
ewm at a substantially lewer beirperatorej. 

In a preferred ontoodiwent of the invention r such ft swaging i« 
da>e by a process oE rotary swaging, amounting to coKpressirjg the 

25 cablci with many blows applied by rotating dies, Rotating swaging 
devices and techniques aro known and ccnrarciaily available. Such 
irachinaa cooironly ooxrtaln two die? which reciprocate rapidly as a 
spindle in which th&y aru cnwwtod 1c rotated. A compressive rotary 
swaging operation involves a banmaring action which has the sana 

30 bsinafidal material on rcetal an forging. It produces a <3es.irsb.le 
groin structure resulting i n increaaed tensilo -strength and 
elasticity. The colli (in tcaperatuxe) swaging tendB to work harden 
Croat /retail ic material*,. If deaired, such a hardening can b> ltede 
more flexible by annealing. 
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in a rotary swagirgr operation, the extent to which the swaged 
rDAter^l :a reduced in croe^-sedicnal anca can lie controlled Very 
aocruratcly. ^ es=awpio# sinoo a cnatal-ehaathed solid material- 
insulated nceper-cor**! olcctxiCTlly^ccnductivc cable heh^rvea ds a 
5 ifatcrlaL during a rotary ttvaglng operation, such a cablje 

having a disnoter o£ trexn abDut 0.69 to 1 .25 an can be £**igecl to a 
reduced didrfdtdr with m accuracy about plus or minuB 0.QQ25 an. 

figure 1 illustrates swaged and unswagod portions exf a cable 
preferred for ub» in the present invention. In tlie aable shown/ a 

10 stainless steel sheath 2 surrounds a mineral insulation 3 

consisting of highly occnprBSStsd grains of ireqnesium oxide and a 
wolid conductive core 4 of substantially pore ccpp&r is 
concerrtrlofliLiy surrounded by the Insulafcicu and aheath. In a. cable 
of the type shewn, where the inner and outor dJ^roebexa of the 

1»> Rheath % *irts 7,23 and 9 urn and thii diairOtor of tte cos* * ia 3 nffi, 
iu the unavraged portion, the cabte may sansrats a temperature at 
about 600 fl C '/cben oanducttny LSD cirperes of alternating current-. 
However, in a swaged portion of tlw cable having n diameter reduced 
by a benperature of about 850 *C is gereratad when tho cable 

20 ia oonductirg the ssrera current in tho sane aivironinent* 

In a oroilerred eahcdiirent, ths present invention can 
utiliieri for providing a formation-tailored irethod and apparatus 
for uniformly heating long Interval* of subterranean earth 
ftormEtions at high tercporaturB. ?ccnrdinq to this itethed 

25 si&terranean intervals are heated vith an electric beater 

oozitalnLng at .ieant one spjolable stoeL-she&.thei mineral- insulated 
cable bailing a solid central core of high clecwical conductivity, 
Such u tablo can be arran9e3 to heat tho earth fioxwa clone ao that 
haat U transnltted into the formations at a subs tap tially uniform 

3f> rats, evert when the heating involves mora than about- 330 watte per 
netra at tesi^ttraturos between about €00 «ixJ LOGO *C. Tbe unifcsmdty 
of the bent truiLfcrtib'-Gion is ensured by providing the heater with a 
pattern of electrical roaictancea with depth within tlve well 
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correlated -with tl'jft pattern of heat uondncttv.tty with <2epth withici 
the wwrvourxiirxj earth f onoatlan9 . 

Figure 2 shows o preferred eubnAiment of a wall heater of the 
present Invention baing installed within a wall. Aff uJv>cu, a pair 
S of selectively sweujad heater cables v.lth ewcigad arrf unta/a^ecl 
portions ot the typs £>icwn la Figure 1 are bsirg unsocoied Inoo a 
>oil from spooling tneana 5 and 6 while a support msnbar 7, such as 
a wire lino car spoolable iretal conduit/ is corvsurrwtly unapoolod 
j.nto the xell from a spooUnrr ireans (not fchewn) . The lewer end t>f 
ID the support iteans 7 is attained to a motor xotiva B, sutfi ao a 

ginJcer bar for a vertical well or a puenpeibld or other rooter ireans 
for a substantially horizontal m&11. The loxer ends ol the heating 
cable, flvacjea particaH tb, are uecbanically attached to a cable 
junctico or end-ccrmector 9 in vhlch the conductive, coteb arc 
15 Electrically interconnected (as shown in more detail In Vigure 4). 
ifba junction 9 la a.lsn medianically connected to the support itenfaer 
7, for e»mjpijj by a strapping msanB 12. The lewar onds of the cable 
portions, fchlcb are waged for increased heating 1 , arc olcctrioally 
interconnected in the enrt connector 9 and positioned to extend 
30 through the zone elected ror rcooiving the ireaneaeed hearting. 

the vmBwaged portions la of the hoattr<g cables, designed fior 
mLDitnal heating along th» *ono to be heated, are positioned to 
extend above the swaged portions lb for a distance sufficient to 
reach a zone* which ia cool enough for on ihtcrconr^c't-ion of tl^a 
2-5 heating cable poet ions La with powar suyply cables 10 by ipeana at' 
jairrta or splices ll for electrically and machanieally inter- 
connecting the powor supply iug ar4 heating cables. Iho power supply 
cables 10 ore arranged flor carcyiiig a selected amount oi current 
while generating only a J0inlma;3. aiaount of beet, Tna details of 
30 suitable irechanical and electrical cable connecting joints for ubo 
with natal-sheathed minaral-insalLittd power supplying cables are 
illustrated in Figure 3« 

As the boating amci powar supply ooblos 1 and 10 axe run into 
tho wall * along vrttii due weight-supporting strand 1 , the cables axe 
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periodically attached to the strand 7 by n©ana of tilcui^G or 
atr^ppijig aetsxis 1.2. Siuch clangs tvca arranged for creating a 
friction between the cables and strand which ia aufficiont to 
support the weight of the lengths o±" the cable? which are luODtcd 
5 botv^eeu the clanpe. 

Figure 3 illuataites details of preferred arrangecientn of 
splices 11. A3 ahcwn, tha power supply cabla 10 haa a metal aheath 
14/ audi as a ccppar eheath, surround! iig an insulated olectricaily 
ccnf5uctiv« core 13 having a oarbiivitlon ot crosa-aectLunal area and 

10 electrical rcsistajxe per unit of length adapting it to carry the 
current to be used in the heating operation vhile generating only 
en inoignificflftt anount of heat. A» shewn, the power cabla shaath 
14 as veil as a power cable core 13 &ro larger Chan tha aheath 2 
and core 4 of the unswugod portion of beating c&blo la. tha 

15 conductive cores of the cable are electrically interconnected, 
preferably by weeding* tn general, the power cable can oatiprise 
substantially any type* of electrically conductive cable which is 
adequately he at stable at the te/rperature generated by tha miniinuai 
heating portion o£ a hoating cabla such as la. Wltera fche iraxicaua 

20 selected heating l-eqperaturo is sufficiently low and/or tin* 
distance bai^een tha power supply and zona to ba ticated is 
adequately short , the power supply cable can conprlee a irotal- 
sheathed Tnir^ral-infcU'iatnd *soli<*-<:ared cable which is soleotjvel.y 
swaged to provide tlo elected heatTJ^g tenperatjure so that no 

25 splices such aa eplicaa 11 aro needed. 

Ao shown in Figure 3, a relatively short sleeve 15, aach as a 
steel ehxNC, is fitted around and welded or braced, or otherwise 
iriachanically attached/ to the sheath 14 of the power 'cable 10. The 
sleeve 15 is prefer ably selected to huvo an inner diameter foiiming 

30 an annular space between it ana aheath 2 largo enough to 

aooanrodate a shorter atoel sleeve 16 fitted around the sheath of 
tAv& cable la. In a proiurred aseeubling procedure, before ineertir-g 
the short sleeve 16, aubBtar/tL&lly all ot the annular tpaea betwen 
the cable core ranter a 4 and 13 and olccva 1.S ia filled witii a 
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poxdared mineral insulating material such as iragneaium oxide. The 
insulating material i£ preferably deposited within both l:ha annular 
space between the. cable core? and the Bleeve 15 as we.U as the 
space between the ajLeavc IS and the steath 2 oi the cable amd 
fi vibrated to <x*rpact the craas of particles. Sleeve- 16 can then tie 
driven Into the spaoa between the si ewe IS and aheath 2 so that, 
the awes of irti]iera.l insulating particles in compacted by the 
driving force. Slccvcc 15 and IS and abeath 2 are then welded or 
braced bogetfcor. 

10 Figure 4 illustrates detaila of an end connector or splice 9. 

As sbo*o, cahleB lb uro cflctandued thrmigh halea in a steel blnclc 9 
so tlwt short flections 1c extend into * cylindrical opening in Ute 
central portton of tba block. Tlie e.lectxical.ly conductive oores of 
t.ha cables axe welded teg ether at weld 17 and the cab.la shoaths are 

1? welded to block 9 at we Ida IB. I>ru£crably, the central conductors 
of the cables are sorrcunded by a heart stfble olectrical insulation 
such as a nitisfl of compactsed pewdensd mineral particles and/or by 
disc? ot ceramic materials (not shown) , after which the central 
opening Is sealed, for example* r by weldir.g-m pieraa of ateal (not 

20 shown) * Where the heater is supported * as shown in Pigura 2, by 
attaching it bo an elongated cylindrical structural member 7, a 
groovo 19 is preferably formed along zui exterior portion of end 
eplico 9 to mate with the structural trcaubor and facilitate the 
attaching of the end piece bo that member, ior example/ by a 

25 3 trapping (feana 12. 

Figure 5 bHows a prefarrcd type of end connector which 
eliminates the need for cutting and wilding a heater afol& to form 
a pair of heater cables, such as cables 16 » 'its heater cable is 
singly cent into a a-turn and mechanically clanged to block 20 by a 

30 bolbed-cai cl^nrdng piarte 21. Tho blooX 20 is preferably provided 
with groove 27. to facilitato ttjo c.Lanping of it Co a cylindrical 
structural ireafcer sorih aa the cylindrical nembor 7 show in 
Figure 2. 
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In general t tte power supplying e]jenents cm ccmprie« 
aubBtanti&lly any P£ or DC sy&tau capable of causing a baator of 
tha present type ro heat at tho selected rft.la Lively high rata. Such 
a beating rata cen be about 330 w^rttc par metre or mora, 
5 Figure 6 is a diagram of a prefer rod irran^enewb at 

alternating current oleccrtoal pswsr supplying cleaentB suitable 
for the present typQ of heater. r fhia arrange/sent Includes fc^o 
inverse, parallel , eilioon-contro.Ued rectifiers (SCPs) in the 
circuits of i^otH eleraenta of ft two-slenieiit heater. In such a 
i0 bal&ncad systen tha h&ater lags should fce of ecpal resistance 90 
that tha Cttbl& ooce junction, point A, (within end connector 9) can 
remain at 2oro voLtage or virtual ground potential. 1*e sheaths of 
the heater cables are connected to tha grounded centre rap of the 
trans fioxrusx Hrcondary- Since point A repreoentB tho welded 

15 connection witfurj the end pitoo 3, the potential difference between 
tho connection and the housing will bo zero for all practical 
purposes. ttisse points) could be in electrical contact without any 
conduction of current. At points advancing upward alco? the lege of 
the heater, the potential difference betweetfl tho Shaaths and the 
20 central conductor can increase and finally reach cn&xiaum3 sadh aa 
plus or minus. 2<0 V. 

m various situations in which an elongated epaoa ia to bo 
heated , tlve in aitu tfjerraal ccnducticn rreiy vary flignificeir/tly 
vithin various iayors or locations alou? that space. A mora hoat 

<5 conductive layer will carry off this boat generated by a heater 

faster than a leaa conductive layer. A* a result, tte temperature 
xflQintained by an electrical raaistanca heater carrying * ^iv^ 
arnctant of current will V* Ijowrt oppagite a more conductive layer ♦ 
In situations In which it is desired to maintain a fiJAt or uniform 

30 heating rate aloitg tto space being heated, it ia dasirflblo to 
reduce the heater oora cross-sac clonal area in order to generate 
heat at the sane rate as that in other portions of the heater whJch 
are hotter. 
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An electrical resistance heater can be cauewd to ^cwcrate 
selected heart trvsf rates at different locati-cma alocig the heater Jxy 
installing boater sections containing conductors af varying excess 
actions, 'i^e BiniU/Cx accre or ooov2uctar croes-sectxena exhibit nare 
5 rcsiatarvoe to tha electrical current flew aud thus generate teat ot 
a rate higher than weald be generated by a thichar core at the sate 
tefr^arature. *or exonpla, it can heat at a ealcctecl rate at lu«cr 
teiiparature exist ins along a relatively mora hent cot«3uctAve layer 
or sonc: within the epac© Uiir/; heated, 

AO Tho present invention provide a, method of causing a heater 

having an electrically conductive ooore which ia continuous and 
unitary to gettorate CCU&tant and/Ct selected amennts of beat along 
one m; a multiplicity of different portions of the heater without 
requiring a noltitude of heating cabl* splices. Particularly where 

15 the heating ia ta ba conducted at. relatively high tcn^eratnrea fur 
long times* welding problems and cpportunitieB fiar leakage are 
inherent in my chitting and sjdicing of electrical hoatingr cables. 

In r aspect to an electrical resistance heater coopcriaing a 
pair of electrically :u\t*!rconn acted jnatAl-sheathed solid im-bcrial- 

20 insulates cable* each containing a malleable Otttal. electrically- 
oonductive oora f foiar gets of rntary eft/itching dies can be arranged 
for pxofridlng percentages of <3ia&Etrical reductions of 6/ 12, 19 
and 24 in tho initial overall diameter of oach cable and its 
conductive lotg. "Ey reducirjg ore portion cd: the cable diameter by 

;!<j 6% and another by I2t , the overall reduction is 91 . &/ siach 

procedures, tba overall crous-ftccticoal reductions for 'both legs of 
the beater can be provided in eight sfspa of roughly 10* each, For 
oocaKple, see the following table: 
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DlAMBTBICAL KOTCWW 


CRDSS-KS>TT7CtAL REDUCTION 






(») 


LSG I 


LEG 2 


DOW I.K=S 


0 


6 




6 


6 


z*j.:< 


6 


12 


34,2 


12 


12 




12 


1.8 


55.3 


13 


19 


85,5 


1.8 


24 


715.0 


24 


24 


84.3 



m such a procedure,, if the stow-deacribai pnaforrod power 
supply is to be ujeed, it is mazssary that each leg of fcha boater 
after reductions in its care diarnsterr have «\ overall resistance 
equalling that of the otter leg after reductions in its a.ione 
5 diameter. TnlS is necessary to ensure tho tero voltage potential of 
the interconnected conductors in the end pitace. TVru9 f it is 
necessary to divide the overall extents of electrical care 
reduction a evenly over both lengths of the haatar. 

Substantially any cotirJt'QSSlve suaqin? procedure- which is or J.s 
10 substantially equivalent to rotary swaging can suitably be- used in 
practtsirig the present ircventicrK J&aavyles of jvaging nnchinas 
and/or techniques which can. cuitably be used ace IncXuRiva of dio 
closing awaking machines, such as those kzmi£ actxired by Tha 
TOrringtco Ctj:npcmy, or Abbey Aetna ^ chine Garpsny or rem 
Manufacturing, etc. 

Pl-wst simply cables capable of transmitting the amount of 
current selected to ba used whlie- genta-ating only a relatively 
insignificant airount of haat and having sufficient thermal 
stability tor: electrical and i(Oc3it*nical atiiacfrmEnt to thu mortal 
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sheathed cable solouted for generating a (AinlflUio amcwnt of heat can 
suitably be uaed in this Invention, Bcaitples of such cables includa 
tnoce available ay Qioc/Pyrotenac (41 rabies. 

In general r in a situation In which an electrical conductor 
5 need not fco insulated, the present Invention <xm ba practised vteh 
substantially any elfi^trical conductor which \r continuous and 
unitary (i.e. is a cantimcua body froo of tn tercenn ected ' aagicantg 
ox strands > and ba$ a core or conductor thictaiess (i.e, a croBS- 
secbicml area of the electrically cendoctivo freterlal) which is 
10 different in different Iccatioae along the length of t±e el«utricfcl 
cxmductor. Preferred alGStrioai conductors comprise sjivcjte 
conductive cores of malleable metals or alloys stir rounded by a beat 
stablo eolid Insulated material vitixin a beat stable tffital sdieath 
such as refractory powder or solid fibre insulating materials 
\5 wifcbiu copper or stool sheathe* A copper core surrounded by 

poured wagrwaiuis) cxido within a copper sheath for use at ncderatu 
temperatures, or a stainless steel sheath for use at high 
torpor a tyres, is particularly preCerred, 

in general, the present invention can be utilirod to initiate 
20 and nmntalrt a subfltantially unifiorm rate of lieatirig along a space 
containing at least one portion having a relatively low rata of 
Jteat conductivity and/or to establish and maintain a relatively 
high rata of boating along selected portions alorg a apaoa 
. throajhout which the rate ot heat conductivity Is nearly urufoiiru 
25 Ike variations in haart canriuctivity with distant alcog an 

elongated path can be ofetarminod by means of nuraeroue tacwn wid 
available dsyiaea and techniques;. 

m a particularly prefurrod procedure for utilizing the 
present invention tor heating along a path along which the h»t 
30 conductivity is ncu-vnirbrra, a selection is made of the rate of 
heating to be provided whan an electrical conductor having tha 
composition to be used is conducting the aneunt of current to ba 
used within a hortoganaousj medium having the* ioweat heat 
conductivity to ba encountered aJcng the path to be heated. The 
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maximum thickness for t'ne electrical condvacbor to ba xisoci is then 
tba ttodoieaa which provides that ratu of heatii'-g in that 
situation, ihe thickness of potions of the oxiductnr to be 
positioned along portions oX* the path which have higher fcaat 
0 conductivities are then Jtfl<Je thinner to an axtont substantially 
COT^ensatinfj for Che more rapid corvlxicting^way of the heat by 
those higher baat ooouluntiviUes. 

^ternati^ely, where it ia de&irable to generate teat, at 
i-eUtiveiy rapid rates along portions of a peth to be heated (for 

10 exairple, along top and hot tan portions of a mibterranc&n oarth 
formation) audi an arrangement can ba n>ada, a.Vcbcr.igh the. heat 
conductivity nay be substantially uniform all aicng the path to ]*? ■ 
heated, conductor thickness resistance to be ue«a Along 
most of rJie cable conductor ztfc «electie4 bo prcvidc the selected 

15 rate of hearing along a hcrogeheous material hawing the iuiat 

conductivity cannon to vuoat of tho Interval to be heated. Then, cha 
tiiare rapid heatii-jg rate along selected portions of the path can be 
obtained by thinning the portiona of the conductor to be ext*ndad 
along those portion* o£ the path. 
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THE fiH-tBOTOIRriTR OF THE INVENTION IN WHICH AN BXCLUSIV3 
P80PERTY OR PRIVILEGE IS CLAIHRI> ARE DRPIHBD AS FOLLOWS: 

].. In a frocaas In wh£ch aubterranean earth forxnaticnxB 

within an interval more th,«ui J.OC1 £eet Long are hoeitod to a 
temperature ot note than 600°C. , so that heat is injected 
substantially \mX f.orx/.Ly into that iutervnL, an improvement far 
constructing and ins tailing a heater having an electrical cable 
heating section which ia free of Bplic^ftp comprising* conatr uctm$ 
aaid h^atJ.nc; cable section by compresa tvely swaging at leaat one 
portion of a junction-tree electclcal beatific/ cable to reduce its 
size At 8«iid at loast one portion, said cable 1b at least, aa long 
aa the earth formation interval to be heated and comprises an 
axiaHy a\l.<yned r malleable, electrically conductive corn 
surrounded by granular mineral insulation within a netai sheath, 
bo that swaged portion generates boat at a rato higher than the 
unpaged portion; correlating th« looation of 3ftid swaging with 
the pattern of heat conductivity in tlio aarth formation interval 
BO that at loaat ens comprasaivoly swaged portion of the cable if. 
located along the cable in a position noch that, wh^n tho treble in 
^attended along Ihe earth formation interval to be heated, the 
coi&proHsd vely swaged portion la adjacent to a fortlon of tUc earth 
Co cm at ton interval in which fcha heat conductivity la relatively 
high) connecting said selectively avMgetl heatinqr cable section to 
at least one power supply cable- and tipooiincr the interconnected 
cables | and unBpoolimj the intarcoouectetl cables into a weLlbor** 
along with a weight- supporting metal conduit vhilo periodically 
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&v.t*eMag tUe cables to the. conduit, a.ud ex tending the cables and 
conduit to a do^th at whicli the coiftp ronsivoly .'iVos'ed portions ot* 
the cable positioned adjacent no tU« earth tflrraationa Uavtog a. 
rolativoly high bha final conductivity. 

SMART St BIG GAR 
OH'VAWA, CAJJADA 

PATBHT AGBSTS 
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ABSTRACT 

lEWHKG RATS VARIANT 
ELOKGfcTED ELHCTFtCAL RKSIffJAKCB HEATER 

An electrical xcsifitarre beater capable of gonorabing teat at 
different rates at dif fenarjt locations ita leixfth carprisss a 

ccntinuooa arid unitary electrical conductor havwj a thickness 
\4hicJ1 is different at different loaaticcis along its length. 
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